Abstract The objective of the study was to develop a clinical prediction rule (CPR) to identify patients with neck pain likely to improve with cervical traction. The study design included prospective cohort of patients with neck pain referred to physical therapy. Development of a CPR will assist clinicians in classifying patients with neck pain likely to benefit from cervical traction. Eighty patients with neck pain received a standardized examination and then completed six sessions of intermittent cervical traction and cervical strengthening exercises twice weekly for 3 weeks. Patient outcome was classified at the end of treatment, based on perceived recovery according to the global rating of change. Patients who achieved a change C?6 (''A great deal better'' or ''A very great deal better'') were classified as having a successful outcome. Univariate analyses (t tests and chi-square) were conducted on historical and physical examination items to determine potential predictors of successful outcome. Variables with a significance level of P B 0.15 were retained as potential prediction variables. Sensitivity, specificity and positive and negative likelihood ratios (LRs) were then calculated for all variables with a significant relationship with the reference criterion of successful outcome. Potential predictor variables were entered into a step-wise logistic regression model to determine the most accurate set of clinical examination items for prediction of treatment success. Sixty-eight patients (38 female) were included in data analysis of which 30 had a successful outcome. A CPR with five variables was identified: (1) patient reported peripheralization with lower cervical spine (C4-7) mobility testing; (2) (2009 ( ) 18:382-391 DOI 10.1007 test; (3) age C55; (4) positive upper limb tension test A; and (5) positive neck distraction test. Having at least three out of five predictors present resulted in a ?LR equal to 4.81 (95% CI = 2.17-11.4), increasing the likelihood of success with cervical traction from 44 to 79.2%. If at least four out of five variables were present, the ?LR was equal to 23.1 (2.5-227.9), increasing the post-test probability of having improvement with cervical traction to 94.8%. This preliminary CPR provides the ability to a priori identify patients with neck pain likely to experience a dramatic response with cervical traction and exercise. Before the rule can be implemented in routine clinical practice, future studies are necessary to validate the rule. The CPR developed in this study may improve clinical decision-making by assisting clinicians in identifying patients with neck pain likely to benefit from cervical traction and exercise.
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Introduction
Neck pain is a common occurrence and source of disability within the general population with a lifetime incidence as high as 54% [12, 14] . Over one-third of patients with neck pain will develop chronic symptoms lasting more than 6 months [4, 14] , representing a serious health concern [13, 49] . Over 50% of patients with neck pain seen by a general practitioner are referred for physical therapy [3] .
Cervical traction is an intervention that is frequently recommended for the treatment of patients with neck pain [60] . Despite its relatively common use [41] , the efficacy of cervical traction has not been adequately studied [29] . Additionally, recent systematic reviews have not endorsed the use of mechanical traction for patients with neck pain; however, these reviews note the poor methodological quality of available research [25, 29, 50, 55] .
The lack of evidence for cervical traction among patients with neck pain may be partly attributed to the inability of researchers to define the relevant sub-group of patients who are most likely to benefit from this treatment [19, 22] . Without the ability to match the right patient to a specific intervention, therapists are left with little evidence to guide their practice.
Clinical prediction rules (CPR) are commonly used in medical practice to improve decision-making by matching a treatment to a specific sub-group of patients. Once the CPR has been developed, it must be validated to determine its ability to improve decision-making, impact clinical practice, improve patient outcomes, and decrease costs. Sub-grouping methods show considerable promise in improving outcomes in patients with low back pain [5, 8, 22] . Recently, a CPR was developed for classifying patients with neck pain who respond best to thoracic spine manipulation [9] .
Several authors have suggested clinical criteria for identifying patients with neck pain likely to respond to traction [6, 21, 48, 61] . Experts generally agree that traction is most appropriate for patients with neck and upper extremity symptoms, and signs of neurological compromise, for whom centralization of symptoms is a treatment goal [47] . Despite these theories, no decision-making strategies have been identified to help the clinician determine who will respond to cervical traction. The purpose of this study was to develop a CPR to identify patients with neck pain who are likely to benefit from traction based on a reference standard of patient-reported improvement.
Methods and materials
We conducted a prospective cohort study of patients with neck pain referred to physical therapy at Brooke Army Medical Center in San Antonio, Texas. Inclusion criteria required patients to be 18 years of age or older, with a primary complaint of neck pain with or without upper extremity symptoms, and a baseline neck disability index (NDI) score of 20% or greater. Exclusion criteria were as follows: identification of any medical red flags suggestive of a non-musculoskeletal etiology of symptoms, pregnancy, or any evidence of vascular compromise, central nervous system involvement or multiple-level neurological impairments. All patients reviewed and signed a consent form approved by the Institutional Review Board at Brooke Army Medical Center, San Antonio, Texas.
Therapists
Five physical therapists who were fellows in the US ArmyBaylor University Post-professional Doctoral Program in Orthopaedic Manual Physical Therapy completed the examination and treatments. All therapists underwent a standardized training regimen which included studying a manual of operational procedures and viewing video clips demonstrating each examination and treatment procedure used in this study. Therapists then underwent a 2-h training session in which they practiced the examination and treatment protocol to ensure that all study procedures were performed in a standardized fashion. On average, participating therapists had 10.0 years (SD 5.61, range 4-17 years) of clinical experience.
Examination procedures
Patients provided demographic information and completed a variety of self-report measures, followed by a standardized Eur Spine J (2009) 18:382-391 383 history and physical examination at baseline. Self-report measures included a body diagram [61] , numeric pain rating scale (NPRS) [35] , the NDI [56] , and fear-avoidance beliefs questionnaire (FABQ) [58] . Patients recorded the location of their symptoms on the body diagram. The NPRS was used to record the patients' level of pain. The FABQ was used to quantify the patients' beliefs about the influence of work and activity on their neck pain [23, 32, 58] , and the NDI was used to capture the patients perceived level of disability due to their neck pain [56] . Both the FABQ and the NDI have been shown to be reliable and valid [7, 23] .
The historical examination included questions regarding the mode of onset, nature and location of symptoms, aggravating and relieving factors, and prior history of neck pain. The physical examination included a neurological screen [46] , postural assessment [40] , cervical range of motion measurements and symptoms response [44] , assessment of the length [46] and strength [40] of the muscles of the upper quarter, and endurance of the deep neck flexor (DNF) muscles [26] . The amount of motion and symptom response was recorded for segmental mobility testing [45, 46] of the cervical and thoracic spine (C2-T4). The physical examination also included several special tests typically performed in the examination of patients with neck pain, including the Spurling test [54] , Quadrant test (also called Spurling's B) [57, 59] , cervical distraction test [59] , and the upper limb tension test A [17] . Specific operational definitions for all tests used and criteria defining a positive test are included in Appendix A.
Intervention
Based on the purpose of the study, all patients received a standardized treatment regimen regardless of the results of the clinical examination [33] . Patients received a treatment combination of both cervical traction and active exercise 2-3 times per week for a total of six treatments over a 3-week period. Patients were also advised to maintain their normal activity level as long as it did not exacerbate their pain. The first treatment session was performed on the day of the initial examination unless a pregnancy test was required, then patients were scheduled within 1-2 days to begin their first traction treatment. A follow-up examination was completed on the last visit. Patients completed a daily exercise log to record compliance with the home exercise program.
Cervical traction
Intermittent mechanical traction was performed using one of two traction units: the Chattanooga Triton Traction Table (Fig. 1a) and the Saunders 3D Active Trac Table (Fig. 1b) . Both traction units were calibrated before the research study began.
Traction was performed with the patient in supine with the legs supported comfortably on a padded stool. The angle of pull was set to 24°of flexion if the patient had full cervical flexion active range of motion; otherwise it was set to 15°. The on/off cycle was set to 60 s of pull force and 20 s of relaxation force. Traction force during the off time was set to 50% of pull force. The initial pull force was set to 10-12 pounds (approximate weight of the patient's head), then incrementally adjusted upwards within the first treatment session to optimally reduce the patient's symptoms. In general, patients were instructed that the force should feel ''moderately strong to strong'' without increasing symptoms. Force of pull was incrementally adjusted on subsequent sessions as well, based on the patient's tolerance to previous traction treatments and the symptom response. A maximum pull force of 40 lbs was set. Each session lasted approximately 15 min. The average force of pull for this study was 23.2 lbs ± 5.6 lbs (range 12-38 lbs). There was no statistical difference in force of pull between those who had success with traction and those who did not.
Exercise
An active exercise intervention was included as part of the overall treatment program because it is frequently used clinically to treat patients with neck pain [38, 39, 52, 62, 63] . There is growing evidence that patients with neck pain have Table weakness and/or motor control difficulties in facilitating the DNF muscles [37, 53, 56] . One high quality RCT also suggests that an active exercise program consisting of DNF training and postural exercise is beneficial for improvement in neck pain, headache frequency and intensity [38] .
Based on this evidence, all patients were instructed in two exercises following the initial traction treatment: a seated posture exercise ( Fig. 2a) and a supine DNF strengthening exercise (Fig. 2b) . Both exercises were performed in the clinic and then daily as part of a home exercise program. Patients performed the seated posture exercise in sitting with the spine in a natural lumbar lordosis. The patients retracted and adducted their scapulas and gently elongated their cervical spines to achieve a neutral upright postural position [38] . Patients were instructed to hold this position for at least 10 s and complete this exercise 2 times per h. For the supine DNF strengthening exercise, patients were instructed to perform a slow and controlled craniocervical flexion motion without contracting the large, superficial muscles of the neck. Patients held each contraction for 10 s and performed ten repetitions twice daily.
The global rating of change (GROC) served as the reference criterion for establishing a successful outcome. The GROC is a 15-point global rating scale ranging from -7 (''A very great deal worse'') to zero (''About the same'') to ?7 (''A very great deal better'') [34] . Intermittent descriptors of worsening or improving symptoms are assigned values from -1 to -6 and ?1 to ?6, respectively [42, 43] . It has been reported that scores of ?4 and ?5 are indicative of moderate changes in patient status and scores of ?6 and ?7 indicate large changes in patient status [34] . It was determined a priori that patients who rated their perceived recovery on the GROC as ''A great deal better'' or ''A very great deal better'' (i.e., a score of ?6 or greater), at the posttreatment examination were categorized as a success. A high threshold for defining ''success'' was established to maximize the likelihood that the clinical outcome could be attributable to the intervention as opposed to the passage of time. Patients whose scores on the GROC did not exceed the ?6 cut off at the post-treatment examination were categorized as having a non-successful outcome.
In contrast to other studies which identified predictor variables for treatment success [19, 28] , we elected to use the patient's perceived recovery rather than a region-specific disability measure such as the NDI to judge a patient's success. The GROC is considered to be a valid reference standard for identifying clinically important change [2, 18, 31] , and the NDI has been criticized for not being sufficiently responsive to capture small, but clinically important, changes in disability [30] . In addition, perceived recovery has previously been used in trials of patients with neck pain and has shown to be responsive to physical therapy management programs [30, 43] .
Data analysis
At the end of treatment, patients were dichotomized as having experienced either a successful or unsuccessful outcome based on their self-reported GROC score. Patients who achieved a change greater than or equal to ?6 (''A great deal better'' or ''A very great deal better'') were classified as having successful outcomes. The mean NDI and NPRS change scores [and 95% confidence intervals (CIs)] were calculated for both groups and analyzed using an independent t test to validate that a difference existed between groups based on the GROC reference criterion. 
Individual variables from the self-report measures and the history and physical examination were tested for univariate relationship with the GROC reference criterion using independent-samples t tests for continuous variables and chi-square tests for categorical variables. Variables with a significance level of P B 0.15 were retained as potential prediction variables [20] . This significance level was selected to decrease the likelihood that potentially meaningful predictor variables would be overlooked.
For continuous variables with a significant univariate relationship, sensitivity and specificity values were calculated for all possible cutoff points and then plotted as a receiver operator characteristic (ROC) curve [16] . The point on the curve nearest the upper left-hand corner represented the value with the best diagnostic accuracy, and this point was selected as the cutoff defining a positive test [16] . Sensitivity, specificity, and positive and negative likelihood ratios (LRs) were then calculated for variables with a significant relationship with the reference criterion of successful outcome. Potential predictor variables were entered into a step-wise logistic regression model to determine the most accurate set of variables for prediction of treatment success. Variables retained in the regression model were used to form the most parsimonious combination of predictors for identifying patients with neck pain likely to benefit from cervical spine traction and exercise.
Results
Between January 2006 and April 2007, 80 subjects were recruited for the study. Twelve subjects did not complete the study for various reasons, thus their data were excluded. Therefore, 68 patients (38 female) were included in the data analysis.
Subject demographics and initial baseline variables from the patient history and self-report measures for the entire sample as well as for the successful outcome and non-successful outcome groups are presented in Table 1 . Thirty patients (44%) were categorized as having achieved successful outcomes, and 38 subjects were categorized as having achieved non-successful outcomes. Analysis of NPRS and NDI change scores revealed that the successful outcome group experienced significantly greater improvements (P \ 0.001) in pain (NPRS change score = 2.2, 95% CI = 1.2-3.2) and disability (NDI change score = 12.5, 95% CI = 6.2-18.7) over the non-successful group.
The 15 potential predictor variables ( Table 2) that exhibited a significance level of less than or equal to 0.15 were entered into the logistic regression. The cutoff values determined by the ROC curves were 28.4 for BMI, 55 years for age, 55°for cervical flexion, 40°for cervical side bending, and 60°for cervical rotation, both to the symptomatic side. Accuracy statistics for all 15 variables with 95% CIs are shown in Table 2 . The positive LRs ranged from 0.66 to 4.43, with the strongest predictor being age C55 years.
The following five variables were retained in the final regression model: (1) patient reported peripheralization with lower cervical spine (C4-7) mobility testing; (2) positive shoulder abduction test; (3) age C55; (4) positive upper limb tension test A; and (5) positive neck distraction test. The five variables forming the CPR and the number of subjects in each group at each level are shown in Table 3 .
Accuracy statistics were calculated based on the number of predictors present ( Table 4 ). The pretest probability for the likelihood of having a successful outcome was 44% (30 out of 68 patients). Having at least three out of five predictors present resulted in a ?LR equal to 4.81 (95% CI = 2.17-11.4), increasing the likelihood of success with The probability of successful outcome after cervical traction is calculated using the positive likelihood ratios and assumes 44% of patients will have a favorable outcome after cervical traction treatment regardless of the number of predictors present. Accuracy statistics with 95% confidence intervals for individual variables for predicting success with cervical traction
Discussion
The purpose of this study was to improve decision-making for patients with neck pain by identifying the sub-group of patients likely to benefit from cervical traction and exercise. The pretest probability of success with cervical traction was 44%. We elected to report the positive LR because the purpose of this study was to determine the change in probability that patients are likely to experience a successful outcome when they satisfy the rule's criteria [7] . If a patient exhibited four out of five criteria, the post-test probability of success increased to 94.8%. However, having at least three out of five predictors present still resulted in a post-test probability of 79.2%, thus having three out of five predictors appears to be the optimal threshold for decisionmaking. Conversely, having fewer than two predictors present might indicate a sub-group who would preferentially benefit from a different intervention. For example, if the patient only had one of the predictor variables, the posttest probability of benefitting from cervical traction and exercise is only 47.6%, which is less than chance. One of the initial judgment's of a CPR's validity is whether the predictors that emerge have biologic plausibility for their inclusion [7] . In clinical studies reporting success with cervical traction, patient populations included those with cervical radiculopathy or compressive myelopathy [1, 6, 36, 48, 51] . Several preliminary studies attempting to identify the sub-group of patients with neck pain like to benefit from traction have included patients with distal symptoms who demonstrate signs of nerve root compression [10, 21] . A diagnostic test study has also demonstrated that patients with cervical radiculopathy are represented by patients with clinical signs and symptoms associated with nerve root compression [59] . Of the five predictor variables that were retained in the final rule from this study, four of the predictors appear to have a relationship to cervical nerve root compression. This supports the notion that patients presenting with signs of nerve root compression may represent the sub-group of patients most likely to benefit from cervical traction. Peripheralization of symptoms with lower cervical spine mobility testing and a positive ULTT A may indicate adverse mechanical compression on neural structures, whereas relief of symptoms during the neck distraction test and shoulder abduction test would demonstrate relief of neural compression or tension.
Significant variability exists in the dosing parameters utilized in cervical traction studies, which may account for the lack of conclusive evidence that traction is an effective intervention for patients with neck pain. The parameters used were based on a review of the literature and consultation with experienced clinicians and researchers. One parameter which had the greatest variability was force of pull. Forces as little as 5 lbs [11, 15] and as much as 40 lbs [24] have been utilized with varying results. We chose to pull at a force that was designed to optimally centralize and/or reduce the patient's symptoms. Many previous studies demonstrating benefit for cervical traction have utilized forces of at least 20 pounds [27, 36, 64] . Therefore, we started the dose at 10-12 pounds, then incrementally adjusted it upwards within and between treatment sessions to optimally centralize and/or reduce the patient's symptoms. Future studies should investigate the optimal dosing of traction, both in the amount of force utilized and the frequency of visits.
One of the limitations of this initial study is that no comparison group was utilized. Therefore, we cannot be assured that patients were responding specifically to cervical traction and exercise rather than the passage of time. However, the predictors that emerged in this rule are not typically thought to be associated with a favorable natural history, and in fact are commonly associated with chronicity [4, 12, 14] . We also utilized a high threshold in our definition of a successful outcome. This protected against the possibility that the patients' responses could be attributed to the passage of time. Future research should validate whether the same criteria emerge in a different population and utilize a comparison group to verify that these criteria are specifically associated with a response to cervical traction and exercise.
Conclusion
This preliminary CPR provides the ability to a priori identify the sub-group of patients with neck pain likely to benefit from cervical traction and exercise, which has the potential to improve decision-making in clinical practice. The results of this study represent the initial step in the development of a prediction rule. Future studies are needed to validate the rule and determine its impact on clinical practice patterns, patient outcomes, and costs.
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